In an effort to increase use of preventive health care, The Patient Protection and Affordable Care Act (ACA) eliminated cost-sharing for preventive cancer screening services for the privately insured. The impact on patient spending and use of these screenings is still poorly understood.
Introduction
Breast, cervical and colorectal cancer pose serious threats to population health in the United States. Breast cancer is the most common cancer among women in the United States, where 12% of women will develop breast cancer in their lifetime (Siegel et al., 2018) . Colorectal cancer is the third most common cancer among both men and women and the second leading cause of cancer mortality when men and women are considered together (Siegel et al., 2018) . Though less common than breast and colorectal cancer, cervical cancer is the second leading cause of cancer deaths in women aged 20 to 39 years (Siegel et al., 2018) .
A reduction in the number of new cancer cases, as well as illness, disability, and death caused by cancer is included among the United States Department of Health and Human Services' Healthy People 2020 Goals. Among the objectives used to measure progress, Healthy People 2020 set target cancer screening rates. As of 2015 (the most recent year of data available), national screening rates for breast (71.5%), colorectal (62.4%) and cervical cancer (83.0%) were all still below Healthy People 2020 goals (White et al., 2017) .
In an effort to increase screening rates for these cancers, the Patient Protection and Affordable Care Act (ACA) eliminated all patient cost-sharing for breast, cervical and colorectal cancer screenings for individuals with private insurance coverage or covered by Medicare as of September 23, 2010 (The Henry J. Kaiser Family Foundation, 2015 . While there is some debate about the relative benefits of cancer screenings (Welch et al., 2016) , the US Preventive Services Task Force (USPSTF) determined that all three of these screenings provide a moderate to substantial net benefit to population health when considered alongside the potential risks of over-diagnosis (The Henry J. Kaiser Family Foundation, 2015; Lin et al., 2016; Moyer, 2012; Nelson, 2016) . The policy to eliminate cost-sharing is motivated in part by economic theory, which predicts that reducing a patient's cost of a screening test should lead greater numbers of patients to be tested. Evidence from experimental and observational studies demonstrates that preventive care is price sensitive, supporting this theory (Baicker et al., 2013; Lohr et al., 1986; Meeker et al., 2011; Solanki and Schauffler, 1999; Karter et al., 2003) .
In evaluating the impact of the ACA on health behaviors, it is first important to understand how this policy reform actually impacted patient out-of-pocket costs for preventive care. There are several reasons why the actual out-of-pocket costs for cancer screenings may not have changed much after the ACA. First, screening services are exempt from cost-sharing only if they are provided by an in-network provider and if the patient is insured through a non-grandfathered plan (The Henry J. Kaiser Family Foundation, 2015) . Second, if the cancer screening is not the main purpose of the office visit, then a copayment can be charged for the office visit. Further, the cancer screening has to be billed in a way that it is distinguished from diagnostic screening in billing claims (Department of the Treasury, and Department of Labor, Health and Human Services, 2010). Finally, cost-sharing for these cancer screenings may have been limited even before the start of the ACA so that the new policy would not actually affect the status quo and thus would not lead to changes in behavior.
Even if the ACA reduced out-of-pocket costs for preventive care, rates of use of these cancer screenings could have remained the same. If screening utilization is driven in large part by physician recommendation rather than patient demand, or patients are not aware of the cost of preventive screenings (Lafata et al., 2014; Ramdass et al., 2014) , then reducing out-of-pocket costs may also not have affected screening rates.
Previous studies assessing whether the ACA increased cancer screenings have reported inconsistent results (Sabik and Adunlin, 2017) . Several of these studies compare yearly estimates from population-based surveys, however, these studies could be confounded by temporal changes in screenings that may have occurred during the years of the ACA reforms (Fedewa et al., 2015; Hamman and Kapinos, 2015; Sabatino et al., 2016; Jensen et al., 2015; Richman et al., 2015; Han et al., 2015; Wan et al., 2015) . A few other studies have addressed these concerns by using more rigorous quasi-experimental designs; however, one of these studies was limited to small business beneficiaries enrolled in Humana insurance plans (Mehta et al., 2015) , and the remaining studies have focused on Medicare patients over age 65 (Jena et al., 2017; Lissenden and Yao, 2017) . Additionally, most previous research has not examined changes in documented out-of-pocket costs. In this paper, we add to this evidence base through the use of an interrupted time series design in the full population of privately insured enrollees from Massachusetts to assess whether the ACA's no costsharing policy was associated with out-of-pocket costs and use of preventive cancer screenings.
Methods

Data and sampling
The data source for this study was the Massachusetts All-Payer Claims Database (APCD), which includes all medical, pharmacy, and dental claims in the state of Massachusetts. We obtained a 10% random sample of commercially-insured patient encounters for medical care from January 2009 to December 2012. A patient encounter included all of a patient's claims submitted for medical care with the same service date.
Preventive service codes and data exclusions used to create the dataset for analysis
Cancer screening services were identified using Current Procedural Terminology (CPT) codes and International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes retrieved from billing guidelines released from the major insurance companies operating in Massachusetts, including Tufts, Harvard Pilgrim, Blue Cross Blue Shield and Aetna, which together account for 85% of the private insurance market. Breast cancer screening included mammography which was considered preventive regardless of ICD9 code, cervical cancer screening included cytology (Papanicolaou smear) or human papillomavirus test with a preventive ICD9 code and colon cancer screening included colonoscopy with a preventive ICD9 code. Similar to previous studies using claims data (Mehta et al., 2015) , we included only colonoscopy to measure colon cancer screening as it was the primary modality for colorectal cancer screening in Massachusetts during the study period (Joseph et al., 2012) . However, we include results for fecal occult blood testing (FOBT) in the Appendix.
We excluded patient encounters where patients had any interaction with a provider outside of the patient's insurance network, because the ACA's no cost-sharing policy applies only to health services rendered by in-network providers. We conducted analyses for each screening type on separate samples, with each sample restricted to the age group and sex for which the service was recommended according to the US Preventive Services Task Force (USPSTF) (Appendix). In the 10% sample, there were a total of 177,368 breast cancer screenings, 205,960 cervical cancer screenings, and 27,078 colon cancer screening.
Cost calculations
Coinsurance was charged in only a very small proportion of encounters for the three screenings (2%), and deductible payments for these screenings were eliminated in Massachusetts before the ACA; therefore, copayments were the main source of out-of-pocket spending for cancer screenings before the ACA. Our primary measure of patient payment for preventive cancer screenings was whether a copayment was charged either on a claim line for a screening service or on a claim line for a preventive office visit during which a preventive cancer screening was conducted. We report the percentage of weekly encounters for breast cancer, cervical and colon cancer screenings for which any copayment was charged. In sensitivity analyses, we tested two alternative measures of patient payment. The first included copayments listed on any claim line in claims that included the preventive screening or office visit, and the second included any copayment listed in the health encounter (i.e. including copayments in claims from the encounter without a preventive cancer screening). A detailed description of these methods and the results of these analyses appear in the Appendix.
Utilization calculations
We measured utilization as the weekly screening rate per 1000 health care encounters. For each screening type, the total number of encounters included in the denominator was restricted to the population eligible for the preventive screening without cost sharing per ACA regulations (The Henry J. Kaiser Family Foundation, 2015) . For instance, the denominator for the breast cancer calculation was all health care encounters among women over 40 years of age. The numerator was a count of health care encounters among this population that included a breast cancer screening. As a sensitivity analysis, we examined changes in the total number of encounters involving a screening (rather than a rate per total encounters) (Appendix). This sensitivity analysis was implemented to ensure that any changes in the screening rate per 1000 encounters, our main utilization outcome, were not driven by a change in total encounters over time.
Descriptive analysis
Trends in the cost of preventive cancer screenings are displayed using graphs of the weekly percentage of screening encounters for which any copayment was charged over the study period. To display these trends, we plotted the percent of weekly screening encounters with a copayment between January 2009 and December 2012. In practice most insurance plans would not implement the policy until the plan renewal. However, given that plans renew at different times throughout the next calendar year, we chose to use the policy start date as the point from which to assess a change in trend in the analyses as this should yield the most conservative estimates of impact. We also graphed the weekly screening rate per 1000 health care encounters during the study period. A vertical line at September 20, 2010 was included to represent the start of the ACA's no-cost sharing policy.
Regression analyses
We estimated two interrupted time series models to test whether the ACA's no cost-sharing policy changed the probability that a copayment was charged for preventive cancer screening encounters, and whether the utilization of cancer screenings changed.
In the copayment regression, the dependent variable measured the percentage of weekly screening encounters for a given cancer screening in which a copayment was paid. In the utilization regression the dependent variable was the screening rate per 1000 encounters among individuals eligible for each cancer screening. In both models, the dependent variable was regressed on a binary variable indicating whether the service billed in the claim occurred after the ACA policy started (e.g., after September 19, 2010), a linear weekly time trend starting from January 2009 through December 2012, and an interaction term between the post policy indicator and the time trend. All regression models included 11 calendar month dummies to control for seasonality. In addition, the breast cancer screening rate analysis controlled for a change in USPSTF breast cancer screening recommendations in November 2009. The cervical cancer screening rate analysis controlled for the November 2009 recommendation change by the American Congress of Obstetricians and Gynecologists and the March 2012 USPSTF recommendation change. All recommendation changes were controlled for using a binary variable that was equal to zero before the recommendation change, and one after the change. We used the actest command in Stata to conduct the Cumby-Huizinga general test for autocorrelation in time series data examining weekly lags of one to ten. We then used ordinary least squares regression with Newey-West standard errors to adjust for autocorrelation. The smallest p-value identified among the ten lags tested was used as the lag value in the Newey-West standard error adjustment. A p-value below 0.05 was considered statistically significant.
Results
In 2009, 4.1% of encounters for preventive breast cancer screenings were charged a copayment and the average copayment was $19.04. Among encounters with a preventive cervical cancer screening in 2009, 65.8% of patients were charged a copayment, and the average payment among those encounters was $18.07. A copayment was charged in 21.6% encounters that included a colon cancer screening in 2009, and the average copayment amount was $142.19 (Table 1) . Fig. 1 displays unadjusted trends in copayments and utilization for the three cancer screening tests, with the right axis (and "+" markers) corresponding to copayments and the left axis (and "o" markers) corresponding to screenings. There were declines in the percentage of encounters that included a patient copayment for all cancer types, with notable abrupt changes in trend after the ACA for breast and cervical cancer screening encounters. Distinct trend breaks in the percent of cervical cancer screenings charged a copayment are apparent in January and June 2011, corresponding to the most common plan renewal dates when some plans lost their grandfathered status. Screening rates for breast cancer appear unchanged after the ACA, while colon cancer screenings appear to have increased and cervical cancer screenings appear to have decreased.
Results from the copayment interrupted time series regression models are presented in Table 2 . The probability of copayment for breast cancer screening was essentially unchanging before the ACA. The ACA was associated with a small but significant 0.024 percentage point decrease per week (95% CI: −0.031, −0.017, p-value<0.001) in the probability of a copayment for breast cancer screening. For cervical cancer screening, the ACA was associated with a 0.424 weekly percentage point (95% CI: −0.481, −0.368, p-value <0.001) decrease in the probability of copayment. In addition to statistically significant changes in trends, we find a statistically significant negative coefficient on the post policy indicator for breast and cervical cancer. The ACA policy was associated with an immediate 0.583 (95% CI: −1.027, −0.140, p-value = 0.010) and 12.385 (95% CI: −17.161, −7.610, p-value<0.001) percentage point decrease in the percent of breast and cervical cancer screenings respectively charged a copay in the month following the policy change.
Finally, while the probability of copayment for colon cancer screening was significantly decreasing before the ACA, the weekly decline became smaller after the ACA. Therefore, the ACA was associated with an increase in the trend in the probability of copayment for colon cancer screening by 0.060 percentage points per week (95% CI: 0.012, 0.107, p-value = 0.014). The ACA policy was not associated with a change in the probability of copayment for colon cancer screening in the month after the policy change. Full regression output for these models is provided in Appendix Table 2 . The sensitivity analysis in Appendix Table 3 presents these interrupted time series results with the two alternative constructions of the copayment variable. Results for breast and cervical cancer screening using these alternative measures are similar to our main results, but the finding that the ACA slowed the decreasing trend in probability of copayment for colon cancer screening is no longer present in these alternative specifications.
Results from the interrupted time series regressions for the utilization of screenings are presented in Table 3 . The ACA was not associated with a trend change in the rate of breast cancer or cervical cancer screenings. However, for breast cancer screening, the ACA policy was associated with a 1.145 immediate increase in screenings per 1000 encounters (95% CI: 0.059, 2.230, p-value = 0.039) in the month after the policy change. The ACA was not associated with an immediate increase in the rate of colon cancer screening after the policy change. The increase in trend of 0.009 colon cancer screenings per 1000 encounters each week (95% CI: −0.001, 0.018, p-value = 0.065) was not statistically significant. Full regression output for these models is provided in Appendix Table 4 . As a sensitivity analysis, we tested screening counts as our measure of utilization (Appendix Table 5 ) and results are similar; however, the breast cancer screening result is no longer statistically significant. The ACA was associated with a decrease in copayment for FOBT but was not significantly associated with the rate of FOBT screening per 1000 encounters.
Discussion
This study examined the effect of the ACA's policy eliminating outof-pocket payments for preventive breast, cervical and colon cancer screenings on patient spending and use of these cancer screenings among the privately insured in Massachusetts. The policy was M. Steenland, et al. Preventive Medicine Reports 15 (2019) 100924 associated with a decrease in the likelihood that a copayment was charged for breast and cervical cancer screenings. Despite these declines in copayments, the elimination of cost-sharing was only associated with a modest immediate increase in breast cancer screenings and not associated with an increase in the trend of breast cancer screenings. We find no significant association between the ACA policy change itself and the likelihood of being screened for cervical cancer; declines in cervical cancer screenings observed in the period after the ACA were likely due to changes in cervical cancer screening guidelines. The percent of preventive colon cancer screenings charged a copayment was decreasing strongly throughout the study period. We find evidence that this rate of decline was lessened following the ACA, though this result was not robust in sensitivity analysis. The ACA was not associated change in utilization of colon cancer screening. Previous studies of the impact of the ACA no cost policy on colorectal cancer screening and mammography have found positive effects among the Medicare population (Hamman and Kapinos, 2015; Sabatino et al., 2016; Wan et al., 2015; Jena et al., 2017; Trivedi et al., 2018) , but mixed or null results among the commercially insured (Fedewa et al., 2015; Richman et al., 2015; Han et al., 2015; Mehta et al., 2015) . The single previous study that included cervical cancer screenings is consistent with our finding of no result . Further, our finding that out-of-pocket costs for breast cancer screening decreased from an already low proportion before the ACA is consistent with the single previous study that examined trends in out-of-pocket costs, indicating that low cost sharing before the ACA among the commercially insured may explain the null effect found in most studies (Mehta, 2015) .
Our results suggest that price sensitivity is unlikely to be driving the decision to be screened for these cancers among the privately insured. One potential reason for this is that patients lack information either about the policy change itself or about their specific cost-sharing amount before and after the policy change. A 2014 Kaiser tracking poll found that only 43% of the population was aware that the ACA eliminated out-of-pocket expenses for preventive services (Hamel et al., 2014) , lending some support to this explanation. Other evidence has shown that consumers lack information about important features of their health plan (Reed et al., 2012) . Beyond information gaps, other important behavioral barriers to preventive care are often present (e.g. procrastination, information aversion, etc.) Kessler et al., 2018; Volpp and Asch, 2017) , and the reductions in cost may not have been enough to overcome these barriers for some patients.
Another reason that we find minimal response to the ACA's no costsharing policy with respect to cancer screening could be the relatively high rate of screening in Massachusetts before the ACA (83.6%, 84.5% and 75.1% for breast, cervical and colorectal cancer, respectively) (Massachusetts Department of Public Health, 2011). Copayment amounts for breast and cervical cancer screenings in our sample prior to the ACA were roughly $20-30. It is possible that patients in Massachusetts who were not accessing screening before the ACA may have required a larger incentive to induce a change in care-seeking behavior. However, previous research has shown that even modest copayments of $20, the median amount for breast and cervical cancer in our data, can affect preventive care use (Trivedi et al., 2008) .
In the years before the ACA's no cost-sharing policy came into effect, Massachusetts implemented a state-wide health reform which reduced the number of uninsured and mandated exemption of these preventive cancer screenings from deductible payments (McDonough et al., 2008; Kolstad and Kowalski, 2012) . The states' largest commercial payer implemented an alternative payment model that included quality bonuses for provision of preventive care (Chernew et al., 2011; Song et al., 2012) . These changes should not introduce confounding as the reforms all occurred at least one year before the ACA policy change. While these reforms may limit the generalizability of our findings, these findings are still broadly relevant as the majority of states have undertaken some similar efforts. By 2010, all 50 states had passed mandates requiring coverage of breast cancer screenings, and 30 states had passed mandates requiring coverage of colorectal cancer screening (The National Colorectal Cancer Research Alliance, 2010). Further, prior to the ACA, over 87% of employer sponsored plans nationally covered preventive care before the enrollee met the deductible (Henry J. Kaiser Family Foundation and Health Research and Educational Trust (HRET), 2010) .
There are several limitations to this study. First, we are unable to use this data to determine why some patients continued to be charged copayments after the policy change and if charging these copayments was appropriate. For example, we are unable to identify patients enrolled in grandfathered health care plans where copayments could be permitted, or instances where the preventive service was received during an office visit for a non-preventive service and for which a copayment was owed. Second, our utilization measure reflects screening trends among people who use health care but does not capture trends in the uninsured or among those who do not use health care. Third, Massachusetts, had higher screening rates than most other states before the ACA, and had enacted some preventive care policy reforms before the ACA. Further, this study does not include a comparison group, such as grandfathered plans, and therefore could be confounded by other 2009 -September 19, 2010 and after (September 20, 2010-December 2012) the ACA policy controlling for seasonality using month indicator variables. Newey-West standard errors were used to adjust for autocorrelation. 95% confidence intervals in parentheses. Population restricted to privately insured adults that meet eligibility criteria for each cancer screening. b Total number of encounters during the study period among the population eligible for each screening type from 10% sample. c Baseline rate represents the rate from January 5th to 11th, 2009 or the second week of 2009 because the first week from January 1st to January 4th had few observations/screenings. M. Steenland, et al. Preventive Medicine Reports 15 (2019) 100924 policy changes affecting screening utilization, if they occurred at the same time as the ACA policy change. Finally, the use of interrupted times series requires the selection of a discrete time of the policy change, but the ACA likely has had a more gradual impact on payments and screenings due to the gradual decline in grandfathered plans that are not subject to the policy. As late as 2014, 26% of employer sponsored health insurance plans were still grandfathered. Further, as colonoscopy screening is recommended less frequently than other screening types, any effect of the ACA no cost policy would be more gradual, and potentially more difficult to detect using interrupted time series methodology.
Conclusion
Using a rigorous interrupted time series design that reduces the possibility of confounding factors, this study finds evidence that the ACA had a modest or null effect on preventive cancer screenings among the general commercially insured population, despite the fact that the policy was associated with decreased copayments for breast and cervical cancer screening. More evidence is needed to understand why eliminating cost-sharing was not an effective way to increase screening in this population, and whether alternative approaches could help raise screening rates.
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Appendix Fig. 2 . Screening rate per 1000 encounters that included a preventive cancer screening, Massachusetts 2009-2012.
Appendix Table 2 Results from interrupted time series models assessing the effect of the ACA on the percentage of weekly preventive cancer screenings for which a copayment was billed in Massachusetts, 2009 Massachusetts, -2012 M. Steenland, et al. Preventive Medicine Reports 15 (2019) 100924 Appendix Note. Trends in likelihood of copayment for cancer screenings, calculated from interrupted time series regression models assessing the change in trend before (January 2009 -September 19, 2010 and after (September 20, 2010 -December 2012 the ACA policy controlling for seasonality using month indicator variables. Newey-West standard errors were used to adjust for autocorrelation 95% confidence intervals in parentheses. Population restricted to privately insured adults that meet eligibility criteria for each cancer screening. ⁎ p < 0.05. ⁎⁎ p < 0.01. ⁎⁎⁎ p < 0.001.
A.1. Cost sensitivity analyses
To test the sensitivity of our copayment variable to our choice of variable construction, we tested two alterative copayment variable possibilities. In the first of these analyses, we considered costs from the claims used to bill for the preventive screening or the preventive office visit. This method would include copayments for all health services billed in the same claim as the preventive screening or the preventive office visit. In the second sensitivity analysis we considered all of the claim lines from claims submitted for the entire health service encounter in which a preventive service was billed. This method included any costs, including costs for services that occurred during the same patient day but may not have been related to the screening, and was the most conservative measure. The table below shows that our finding that the trend in copayments declined significantly after the ACA was not sensitive to the construction of our copayment variable.
Appendix Table 3 Change in the percentage of weekly preventive cancer screenings charged a copayment, using alternative methods to measure whether copayment was billed in Massachusetts 2009-2012. Source: Massachusetts All-Payer Claims Database. Note. Trends in the screening rate per 1000 health encounters, calculated from interrupted time series regression models assessing the change in trend before (January 2009-September 19, 2010) and after (September 20, 2010-December 2012) the ACA policy controlling for seasonality using month indicator variables. Newey-West standard errors were used to adjust for autocorrelation 95% confidence intervals in parentheses. Population restricted to privately insured adults that meet eligibility criteria for each cancer screening. ⁎ p < 0.05. ⁎⁎ p < 0.01. ⁎⁎⁎ p < 0.001.
Appendix Table 5 Results from interrupted time series models assessing the effect of the ACA on the number of preventive cancer screenings billed to private insurers in Massachusetts, 2009 Massachusetts, -2012 Note: Trends in the number of preventive cancer screenings, calculated from interrupted time series regression models assessing the change in trend before (January 2009 -September 19, 2010 and after (September 20, 2010-December 2012) the ACA policy controlling for seasonality using month indicator variables. Newey-West standard errors were used to adjust for autocorrelation. Population restricted to privately insured adults that meet eligibility criteria for each cancer screening. ⁎ p < 0.05. a Baseline mean represents the total from January 5th to 11th, 2009 or the second week of 2009 because the first week from January 1st to January 4th had too few observations/screenings. M. Steenland, et al. Preventive Medicine Reports 15 (2019) 
